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MAllKIU1’-llASICIl AI’I’ROACJIICS TO MANAGING SCIItNCIZ
I{lWLJI{N IU<OM I’I.ANIWAI<Y MISSIONS

Randii  R. Wcsscn*-,  l)avicl l’or(crx:+’  & Robin  1 lanson*:*

A1lS’l’l<ACrll:  The ]cturn of scicncz is the fundamental ol~je.ctive of any planetary mission.
1 ]owcvcr, which constellation of scicncc  observations constitute the best return of “science” is
hard to evaluate. Past approaches toward planning scimce  observations have been based on co-
llocation  of (he pay]oa(i  scientists who debate the nmits of which invcs[igation  had the “stronger”
scicncc.  ‘J’his advocacy approach is tillle-col}slltl]illg  ancl dots not pmvidc appropriate incentives
fo] sricncc teams to reveal thcit tradeoffs.

An altcmatc approach, cunc.ntly un(ic]  evaluation by the, Cassini h4ission  to Saturn, is one, based
on plovicling  better incentives to the scie.ncc  [c.alns. ]nccntivcs can proclucc  better tradeoffs
bccausc the individuals who can make the. best dc.cisions  about which science observations to
l)] o]msc,  what rcsourms are. required to inq~lmncnt  the observations, and which observations arc
mosl  iln]m)tant  arc the scicncc team’s ]’rinci})lc  IT]vcstigato]s  (1’1) tllc.mse]ve.  s.

1.() ‘1’1 lti VOYA[;I\R  1’1 .ANNING l’ROC1iSS

‘1’0 illllstlatc  the. diffcrcncc between the ncw l)lanllinS  process ancl previous approachc.s,  wc will
cot)ymc  a marlcct-basecl  scicmce  planning pIoccss  to the onc used cluring  the Voyager Mission.
‘l”IIc Voyaser  Mission rc])rcscnts  a good baseline  fro]n which to com]mrc since both Cissini  and
Voya::cI arc extremely Ionr, missions. ‘1’IIC. VoytigP  l’lamta~y  Missions had a total of six
l)lanctaly  cmcountcrs  and lasted twelve yc:i[s. l;i~urc 1 shows the geometry of one. of the
cncoul]tcrs,  nanm]y the Voyager 2 emcoulltcr  with Saturn  (1 981 Aug.). Cassini, m the. other
bald,  will have only onc cnccnmtcr  and that is with the planet Saturn. After sevcJl  years of cruise,
it will arrive at Satura and then spend the next four years cxplc)[-ing,  it. I;igures 2 ancl 3 show
Cassi]li’s initial orbit about Saturn anti the, next 63 orbits about the planet, rcspcctivcly.

--:.

1< ’ig14rc  1. VoyagJcr 2 clkco[4ttler  It(ijcc(ory

)1’ith ,$4ili4rtl. 7’IIc ctlcolittter la.Ytc4i fo[ir

t)lotllhs  M’ith closest {ipproach  10  i}14’  J)h4t14?i

occur rittg on 1981 Atigust  25.
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I)littlths.

..— —

l’igure 3. C{i.v.vitli’s four-ye(ir tour GIboul
Sollirtl.  Orl)it(il  periods arc approxinti7tcly

two tttcvllhs  Iotl,g (ind circ[e  the I)!{inct  6.7-
times.

‘1’lm  Vc)yager Planning  l’rcmss 1 evolved during the 12 yc.ars of its use. ‘J’he.  final pmccss, used
fo] both the Voyagm  2 lJrams and Neptune e.nccmntms,  began w’i~h Scicncc Workshops. The
]csulls  from the worksholm  were distributcxl  to the. IJisc.il)linc  Working Ciroups, who deve.loped
obse.]  vation strategies. ‘1’hc.sc  s t rategies wc~c oscd to answct c]ucslions  iclcn[ificd  by the
previously mcntiomd workshops.

‘1’he Voyager };light  Scie.ncc Office. (1/S0) had (Ilc difficult task of developing the timclines  from
t Ilc olmrval  ions rccomncncicd  bv the wc)lk inp. EtouPs. q’hc lcsults,  known as Sco~~in~ timclims,
wcw finally prcscntcd  10 h l’ls,  ”who then cvihkci  ancl proposed ~hangcs (see l;i~. 4].
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l“iguw 4. 711c Voy{iger l’l(itlnitlg  l’t-(wc.v.~.  Uld(itcs MIcrc required to both the Swi)itlg
tittleli}les  litul tlIc dct[iilcd  .Vcqllctlce.v  to illmrlmr{itc  1)1 Cllntlgcs.

1,1 VOYAGlil{  1)1 S(:11’1  IN]; WORKIN[i  CiROIJ1’S

‘1’IIc Voyager aj)proach  began with Scicmc  Workshops. ‘] ’hesc  wmkshops brought together
scimltists  who had cxpcrlisc in the study of (1IC  particular planet. ‘J’heir goal was tc) define the
m] I cnt state of kmwlcdgc,  of (11c target, arid produce a list of mnjw planc,tal  y ohjcctivcs.

‘1’he objectives were divided into four discipline.s, the totality of which defined the J)lanctary
syste.]n.  The four Voyager disciplines were Atmospheres, Magnctosphcrc,  Rings and Satellites.
“1’t]c.  science experts were then gt-oupcri according to their particular specialty. I“hc resulting
grwtps  n~adc up the l)isciplinc Working (houl)s. in each grcmp onc inciividual  was assignccl  as



chairjwmm.  None of the Voyager Pls wcm included in the l)iscipliac  Working Groups to
rc.move the l)ossibility  of a bias towards o]lc. Imrliculat  invcs[iga[ion.

‘1’hc  cllailpcrson of cacll  working, groul) prcscm[ccl  tbcir  majol  scimcc  objcc~ivc.s  to the Voyagcl
1’1s. “J’his was thcm followc(l by a list of su~,gcstccl  obscl-vations,  their durxtions and approximate
times of e.xccution in mdcr  to acquire.  the prcvicmsly  nmnticmcd  scicncc objcctivcs,  “1’bc
obscrvalio]ls  themselves were priori[imd fmm 1 = higbcsl value scicmcc, 2 =: high value scicncc
and 3 =- moclcratc  value scicncc.

1.2 VOYAGIR  SC311NCW  SCDI’ING

(lncc  each I}iscipline  Working Group submitted their prioritiz.cd  list of observations, the 1;S0
integrated thcm into a single, c.onflict-free timclinc. l-his timclinc  contained the “most  inlportant”
scicncc  observations identified by the working groups. I lowcvcr,  since the P’S()  bad very limited
information about tradeoffs bctwccn the many observations, it could only adclrcss  the most
obvious issues,

‘1’hc approach taken to produce the time.]inc was to C}1OOSC a priority 1 observation fl”om each
discipline. ‘]’hc.  l:SO first sc.le.ctc.cl  the observation that required the most spacecraft rcsourccs
(e.g., computer memory, inicgration  time, pmpc.llant,  etc.), as these observations were the most
difficult to incorporate into the tinmlinc..

Selecting difficult observations first can lc.ad to rcduccd  scicncc  return. observations that were
flexible were incorporated only after the difficult cmcs.  This ensured that difficult observations
made it into the timclinc,  but not necessarily the most important ones for the particular discipline.
This approach can provide inccnt  ivcs to make obsct vat ions rcsourcc-  intensive. and rigid,

Once the first round of observations were iacludcd  into the timclinc,  a second rouncl of priority 1
obsc.rvations were sclcctcd.  Obscrvatioas were takcll  from all four disciplines, onc at a time, to
c.nsu]c that the. time.tillc had “balanced” scicl]cc.  III this conte.x(,  balanced scicncc mc.ans that all
tiiscil)lincs  bavc ap]]roximatcly  the same IIuIt~lm  of observations sc.lc.ctcd from their lists.

‘1’hc Scoping timclinc was complctc when as many of the. observations, rccommcndcd  by the
working groups, were incorporated into the timclinc. The. remaining observations all required
om or more rcsourccs  that  had alrcad y been allocated. .

1.3 VOYAGIIX 1)1 H’AII .111)  S} QIJIINCl\  111 iVIil .[~PM1~Nrl’

Oacc (IIC Scoping timclinc was p]octuccd,  it went through a relatively large number of review
cycle.s. l)uring  cacll  cycle, the. l;SO prcscntcd  the “new” Iinmlinc or scqucncc  to the 1’1s, along
with ;t dctailc.cl  sunllli:il-y  of tbc spacecraft Icsoulccs  rc.quil-cd  to im])lc]mat  tllc scqucncc.

‘I”llc  ]]rcsc]]tation  to lhc 1’1s was the. filst til]lc ll]c investigators had a chance to c.valuate which
ohsc[  vations were i]lcoqma[cd  into tl~c scqucncc  and how they were imp]cmcntcd.  ‘1’hou~h the
1 )iscip]inc  Working (iroups wcm c.xpcr[s  in thcil-  flcld, (tIcy did not know all of the observations
[hat were impor[ant  to (1IC  1’1s thcmsclvc.s.  ‘1’his  lack of information forced many till~c-cc)l]sllr~]illg
Icvicw cycles. It also illustrated that the 1’1s do bri]lg infol!]lation  into the sequcncc  dcvclopmcnt
])roccss  and that they should bc brougl)t  ill as early as pc)ssihlc (o reclucc the numbc.r of review
Cyc’lcs.

With each review cyc]c, l“ccollllllclldatiolls  were made to remove certain observations and rcp]acc
tbcln with others. Some observations may have required longer integration times which would
force  tllc l;SO to try to “fincl”  time in the squcncc  to  accommoda te  thcm. (Nhcr



rcco]l]llletl(latiol~s  might require tbc science office to find unallocated spacecraft rcsourms  from
wbicb obsc.rva[ion  il]]])lc]l]cr][:iliol~  problmns  could  bc. solvrxl.

111 some cases, obscrira[ions would conym[c for the. same s]]acccraft rcsourccs  in such a way that
no compromise. cxis[cd. Onc obsmvation  would have to bc sclcctcd over tbc other. in these rare
cases, the }’1s appcalcct  to tbc scicncc office. Wi(l]  cacb appeal, the. 1’1 brought their case to
bigbcr levels of scicmc  office managcnmt,  until filially  rcacbing  tbc Project Scicnlis(.

It was tbc l’rojcct Scientist’s responsibility to ensure that tbc “glcatcst”  amount of balanced
scicncc  was returned from tbc mission. Appeals would require conflicting investigation teams to
prc])are  til]le-co]]s~l]]lil]g  arguments to present to tbc Project Scientist. on tbc basis of tbcsc
prcscmtations,  confticls  were rc.so]vcct.

1.4 l’ROS AN]] U)NS 01’ ‘1”111~ VOYAGliR M ,ANNING 1’R(XWSS

“1’bc mul(iplc.  planetary rendezvous allowed the scicncc community, and (be. associated science
planning process, a cbancc to mature wit]] c.acl) succ-c.  ssivc. cncountcr. 1’1s lcarllcct  what
observations were of high value to the ottmr investigators and which wcl-e not. “1’his, in turn,
tau~llt the. 1’1s which observations wcm availab]c  fol traclcs. ‘l”hcsc trades bclwc.cn investigations
could be cmtrigbt  excbangcs of time on the timlinc,  spare spacecraft command words, or a
cbangc in the rate at wbicb tbc spacecraft collcctcct  data f[om c.acb instrument.

l’hc process was well defined, robust rrncl procluced timclincs  that were able to provide tbc science
comnlunity  a wealth of information that is toclay still ]cvcaling  se.crc.ts  about Saturn.
Unfc)rlunatcly,  tbc ptocess was til~~c-co]]s~l]]]il)g,  labor-intc.nsivc,  and did not provide tbc 1’S0
with tbc dctailcct  information ne.cdcci to make tbc bcs~ obsc.rvation  tradeoffs.

2.0 MAl<Kli’I’-BAS}il J AI’PROAO1li S ’10 S(:lllN~ll  MANAG}~MtlN’J’

‘1’bc Voyager l’lanning  l’roccss  dcsc.tibcd abc)vc  has as its roots tbc idea that cacb scicncc
discipline should get its “fair sham” of observation rc.sources. Since the. individuals wbo arc
scheduling c)bscwations  do not k!]ow tl]c. rcsourcc tfactcoffs  for cacb invcsti~,ation,  they arc left
with tbc imprccisc task of trying to schcdulc  observations based on prioritized lists and a notion
of “balanced” science.  l’hc. questions tbcy are. confronted  with arc:

1. }1OW many rcsourccs  dots the observation really require (e.g., can I reduce tbc
observation’s duration or dots it need all of the state.d tinm)?

2. Arc several priority 2 obsel  vations equal  to one pliot  ity ] observation?
3. IS it safe to assunm that similar ])riority itc]ns have silnilar scicncc values and

t radcoffs?
4. If 1 tly to scbcdulc  (bc lnost difficult higlt lM iority itms first,  what is tbc 10ss in

science value that is imposed 011 other c)l~s(’.li’:lliolls”?
5. What IC.VCI of rcsourcc  rcscrvcs  should I)c. held to assist ill tbc rcsclmluling c)f

1 CSOlll”CCS  ;lTllOIl~ USC1  S?

‘1’hc. individuzils  in the. best pcmition  10 answc.]- ttlcsc (]uc.stions  alc tbc. }’1s. ‘1’hc. l;SO, in ordc.r  to
obtain a balanced tinlclinc,  must Inakc these decisions and as a malt,  significant rc.sources arc
used to argue for and make cbangcs  to tllc.  ti]nclinc. ‘I”hc question is wbc.tbcr tt]c planning process
can bc rc.vised so that it Jwovidcs  incc.ntivcs  to the scicncc.  tcanls  to supply the. appropriate
information so that the. final time.tine reflects their Icl:itivc. scicllcc  t[adcoffs.

‘J’bis type of allocation problcm  is not unique. and is faced by almost all organizations that must
allocate sbarcd  resources among users. 1 ixamplcs  include usc of supcrcomputcr  time, railroad
tracks, computer networks, tclcscopcs and label-atorics, club facilities, etc. q’here arc many
diffc.rent ways in wbicll  organiz.fitions  deal with tile.  allocaticm  of sbarcd rcsourcm. Our focus will
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be 01] dc.ccalral  i md or market-based approaches. 1’[ [c main featutc of market-based appmac.he,s  is
that Il)c. (Iccisiol]-]ll:ikillg  is Icfl 10 those individuals tha[ arc in lhc bcsl  posilicm  to make the

lmdcoff  (SCC 1.cdyard  ( 1993)2 for a dcscliption of dc.cclltrtilizcd  mechanism design). 111 (tic
colll]nclcial sector, lhis alloc:i(ioil  pioblctm  is so]vcd by charg,ing  foi the List  of cmgc.s~cd
smviccs.  l;ot examples of pricing sch$mcs  uscxl to Icducc co::, cstion  in sliarcd  rcsolircc facilities

scc  Wcstlami  (1 992) 3, ScHkow (1992) , ancl Saakarali  (1 989) .

When direct ])l-iciIig  is not a viable. option, some otganiz,atioi]s turn to fixed budgets, “J’hat is,
individ~ia]s  arc provided with a bLidget  that can bc tiscd for a variety c)f sc.rviccs.  lior example,
professors at the. LJnivcrsity  of C;hicago are. g,ivcm  aiii]ual  bliclgcts  that they can Lise for secretarial
support, t rave.1, com]mter  hard w’arc ancl software, etc. ‘J’hc  use of fixc.d buctgc$  relieves the
manager from making, (ractcoff decisions that are bc.st undcrstooct  by the individual.

As another c.xample. of this type, of dcccntraliz.e.ci  approach, the LJnivcrsity  of San Diego
Sll])clc{)]]]l)liter  has Liscct  poit]t  b~idg,cts  that allow liscrs  to prioriti7.c  their jobs. “1’hc more points
assigmd  to a job the higher  the likclihooct  it will hc complctcd  q~iickly.  since  the poin(  budgets
are fixccl,  users must make clccisions  about whca tllcy ri]a the.ir jobs and liow important tlic job is
relative to all of th~ir jobs (see ~lrcllier  cl al. ( 1 99S) for more (ictails about lhcsc types of

/
sclicxllilii]g  systcins).

2.1 A MARKtl’1’-BASl{l)  MliOIANISM

‘1’lm dc.sig,a qucsticm that we seek to adctic.ss  is whc.ttier  we can construct a decentralized scicacc
plalinittg  system for the ~assiai  l’iojc.ct  that can olitpcrform  tlic Voyager mc[hod.  ‘J’his is an
ambigilmis  qilc.stioi~  siacc wc milst  first define wtiat WC, mc.:ia by outpcrforining  ancl then we must
bc able to dcmmstratc. tliat  sLicli  ti mccllaTiisim  chaIiSc  icslilts  in bctte.r  ]]ciformancc.  Since we
have no w:iy of making  illtcr-i]ll’cslig,:itio]]  scimcc  comparisons, it sc.cms sciisclcss  to talk about
maximuin  scicilcc value. If lhcm is silch  a mc.tric  avail:il)lc,  lhclt it sl)ould Im used directly as pall
of the pl:inliiil:,  pmccss.

I/or oul pul Imscs,  we are intcrcs[e.d  in two mc.asute.s  of rc]ative  performance. l;irst, if onc uscs :i
madmt-tmcd  mcchanisin,  is cvciy iilvcs(igation/c  lisci])linc  Iio worse off iil ttlc scicilcc it recovers,
and at least one. investigation dots bctfcr than if a Voyager l’laaning  l’roccss  is used. Second,
withia an iilvcstigatioa,  wc want to kltow wliat Ilic  ]clative  scimcc  loss aild gains fire from cacti
iilvcstigalioa.  ‘1’hc  mcthoct  by wliich we will make tlmsc mc:isurcmcnts  is the use of cxpcrimcntal
incttlocls  i]i economics (see the acxt sc.ction  for a dcsci  iptiotl  of this mctliodology).  What wc will
do next is describe the market-based me.clianism  wc plan to tcs[.

‘1’hc incchzinim  begins witti  fixed scheduling poil~t bu(igcts bciltg  allocxi[cd  to cacti scicncc
disci])liilc  iil]d 1’1. 7’hc IJisci])!inc  WoIking  GIolij)s tiicli  use sc]lcdillilig  points  to  l~ink
obsc.ivatiolis  instcttd  of coulsc.  pliority classes. ]ioi l:ick of a bcttci term, the allocaticm of
scllcdlilili~,  Imillts  to obscrvatioils  will bc called ii “l)id”. ‘1’lic. {~:issilii  Scic]ic.c. Officc (CHSO) tticm
cicxitcs  ii col]flict-free timclinc  fioitl  the bids by ]i~:iximizing  the tiui]itml  of sc. ticclliliag  ]miitts.
‘1’bus, ccmflicls  for tlic List of Ic.mircc.s by coinpc.tiur,  obsct  valions  is resolved by the. mimbc.t  of
lmints  silbli~itlc.d  with the obscl v;itio]t. l)iscil)liac.  Woikii]g Grolil)s  :ilc also allowed to give
allocations of [he schcduliag,  ])oints  ])rovided to thciil,  to specific invc.stig:itions  m to the CX), to
iilfl[ic.]ic.c.  tlic.  time.line aftc.r the observatioils  arc first il)cor]ml  atcd into it. 11) addition, after seeing
the curicnt timcline,  bids can bc. rcvisccl.  Specifically, bids on ~inincorporated  ohscrvatioa can bc
lNO<llAS1  lIJ and nc.w observations c:in bc tc.ndmc.d.

Oncc the. picfcrcnccs  of the l)isciplii~e  Wo]kii~g Gto~iIx have bcca rcgistcrcd  aacl a prcliininary
tiinclil)c  li:is  bcm forincd, tlic 1’1s and the CXO can fine-tuae tlic timclinc by using their
schcxluliag  points  to emsurc  observations stay ili the time. tiac, or make New bids for alternative
obset-vations. ‘1’hc. process is opcm and all bids arc available. for all to sec.. llvcry so oftc.n the.
liinc]inc is updtitc.d  witti  all :il~ot  ithin  ttlzit i]l:ixil]lims  the l)uinbcr  of  scheduling I)oiats  in



obtai]]ing a conflict-free timcline. ‘1’bus, the ptocess provides feedback to the teams  tc) rcciesign
tlmir  obsc.rva[ions  to fit into the timclinc. “1’he. scheduling points are used to si~na] the relative
wor(l}  of tl)c. observations. } Jcncc., inccn[ivm  alc lmvidcd  to not over-c!cmmd rcsoulcc.s  since
this will mquim a large porlion  of sclmdulinp,  i)oints-fl  om a fixccl  budget. “1’tlc pl’ocess  stops Wllcll

clIaIIRcs  to dIc sckdulc stop  OI aI-C small. l;igurc 5 ]M ovidcs an ovc] view of this pIoccss.
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Figure  5. A nmrkct-lmed apprmch  for ~cneroting  a co~l~ict-free scictm timelim?  based
m inlm{.v ftvt)l  (11c 1)1 teams. Notiw  that either  t}Ic l)i.vci])line  Working  GmuIJ.v  or the l)Is t}lay
allochle lIIC l)oitlls.

Noticx  [hat this mcchauism rc.p]accs the sul)jcctivc  scheduling dccisio])s  of the CS() aIId the
rc.sc}lcdll]iIl~,/adjLlc]icatio]l  process to [lIC timc]ille  wi[h a sit]g]c  ctc.cision  of allocating  Sclmiu]illp,
])oinls 10 relevant participants. While this is not all easy clccision  process, it seems much less
dClnalldill&  tiJllC CO1l  SLIJllil)~  aJ!d 1(XS Cc)St]y thaJ) [tic  VOya&l Jnodc], GivcJ)  (k limitations of

space. in this pal)cr,  wc will not povidc  a discussion of methods (0 make the itiitial  allocation of
scllcdu]ing points.



2.2 “1’JWI’ING  “1’111{ l;,l’l;l~A~Y 01; “1”1111 h41T11AN1SM

While ttlc intL]ilioI]  tmhiild [he dcsi~ll 0[ (lIc  llKKllilIliSIl)  ]) ICSC.I}(C.(1  HbOVC  might bc! a))]mrcmt,  lIOw
lhc co:,  nitivc  promsscs  of illdividua]s  inlmct irl sach an intric:i(c  mechanism is ad as clear.
What rules make the process  mm transparent  and what [ypc of information fccctback  works bcs(
arc olmn issues. To test the ability of this  lnc.chanism to get real people 10 make.  tradeoff
dccisio]ls, wc will usc cxpcrimcmts.

All cxpc.rimcnt is basically a smal I scale. ])rotot ypc of the ]mccss  dcscribccl  above in which real
individuals make decisions wilhia  [hc mechanism. ‘J’hcsc experimental subjec(s arc motivated by
c:ish  payments. Specifically, subjects arc rc.cruitcd with the uadcrstaading  that they will make
money based on the ctcc. isions  macic in the. cxpc.J imrmt (mechanism). Subjects arc provided with a
description of how their specific allocations tire  tl :insfomc.d  into individual monetary paylncnts.
Sinm the cxpcrimcntcr controls the underlying vall]cs,  we can both replicate the cxJlcrimcnts  and
can aIso make l]~cas[lrclllc.]]ts  and compa]  i sons acI oss mechanisms by knowing the underlying
]Jre.fclcllccs.  l;or those intcrcstcd  ia tl]c  dct:iils  of cxpcrimca!al economics methocls  see Smith

(1982.)8, l’lott  (1 994)9 and KaScl & Roth (1995)10.

2.3 AN 1;Xl}lll{lh411N’I’Al/  I)I131GN

IIi odcr  to test the diffcrcncc  in the ]mforin;incc  and behavior of inciividuals in a Voyager
l’lanlling  l’roccss ald [lIc market-driven ]) Ioccss dcscribcd  above, we plan to COJKillCt the
followiu~ e.xpcrinmnt  al design. Al)c.])vi]()]l]]]eI]t  wl)ich i])volvess  c}lc.(illlir)gs  cicr)cco  [)scI-vatio])s
is coI]s(rLlc(cd.  ‘l’hccxpcJ-imcIlt has sc.vcJI sul)jccts  Jc])re.scJ)tiJlg  sc.vcJl  1’1 teams,  l~dch sul)je,ct is
tllc.J)  givcJ]  a tab]c showing the “scicncc payoff” if the.ir obscI vations  are. incladcd i]] tllc final
tilldiuc.  Se.c’l’able 1 f[>ral] cxalll])lc  }):iyoffsl]cct  forasubjcct.

“I’l]c.  tab]c rcprcscnts  tradeoffs forthclma~ia:  ScicIJcc  Sys[c.m  (1SS) for high rcsolutiol]  SUI
-faCe

lli(~saics.  1( dc,scribc.s  (I}c scicmcc  value tradeoffs fo] this invcsti~,  ation, and this ol)sclv:ition in
lJ;li[icl]ltir,  ovcrtllrcc  Ic\c)lL]tioI]s(  c..g.,rcv. l, Ic\~.2. al]drcv.3)  l)~is[rJ’itaI~. ‘l’he first two coluJnns
snow the start and md  ti]]lc of thcobscrvatioa  Ic.lativc  to7’ilan  c]oscst  alqmach.  ‘1’hc Ilc.xt thfcc
COlUIIIIIS stlowttle. scicllccl  -c.t[lr]lt  otllcil]vcstig:ltiC  )Iit Jyol}taillitl~  t}lccoIlcsl}or~(liIlg  start  anclcnd
tillicf[Jlc  actlrcvoltltiC>I1.  So, ifthisinvcsti&ation  ot)taincdtimcin  Ihctimclinc,f  roll]  -O?.:20to-
Ol:OOon rcv 2, they \voulcl  get a scicncc  valucof  70. ‘1’his will bctranslatcd  into dollars by a
fixed ]Jml]orlional  amount  that will bc. kc.l)t by tl~c s~lbicct. ‘J’hc tab]c. shows the tradeoffs for each
co]]lbination  ofIc\701L]lioIlsall(l  various staI-l  aIId  CIId t~mcs,
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(iiven (IIC spccifie.d  payoff lablcs provided to subjc.cls,  wc can c.om]mre.  the pcrformanm  of each
scl]cdl]li]lg  regime. Wc will also examine tl]c rol)ust]lcss  of the market-bascxl systcm under
ciiffclc]]l  initial  scllcdulil]~  poill[  alloca(iol)s.

3.0 N)NC:l  ,{ JSION

‘1’llis l)ajmr has dcscribcd  a research ]Ilan to dcsigll alId test a new method for ])lanning  and
nc.gotiatil)g  science observations. “1’hc cumnl mcthml  of a hic.rarchical  pmccss of science
working groups and challenge.s to tbc timcline  suffels  ftot]] scvcra]  ills, l;irst,  the. process is tin~c,-
ccmsuming  and many rcsourms arc used to make. and mrnakc the. schcdulc.  Scconcl, the use of
sil])j)lc.  priority designations and a notion  of “b:ilanccd’> scicmcc  is not enough information for
schedulers to make impor(wit  science tradeoffs. ‘1’hc.  information ne.cdccl to make these tracieoffs
Ic.side with the 1’1s. “1’bird, the incc.ntivc.s  providccl  I}y the, cui-rc.nt  process can malt in Jloor
outcmms  bccausc the information given to schcdulms  is not complete and the. system is open to
]Il:tllil)lll:ttioll.

A more direct way to obtain science tradeoff information in which partici]~ants  arc given an
incm]tivc  10 l)rovidc  accurate infoma[ion  is through a market-base.ci approach. “J’he  market-based
ii])]  )loa~h  that wc consider is om in wllic]l  pal-tic ipal](s arc given fixed budgets of schc.cluling
]]oints  that arc allocated by the pmjcc.t. ‘1’hc  points ale. used to provicle.  an intcmity of prefmmcc
fol the observations being schcdulcd.  In this way, schedulers 110 longer h:ivc. tc) infer the science
val~lc c)f obsc]-vations.  ~’hc schedulers just try to maxil]]iz.c.  the. number of schcxluling  points that
1 csult in a conftict-free time,tine.  lnc.cntives  arc placed on t hc part icipants bccausc  they have a
fixmi budg,c.t from which to make the.ir tradeoff clccisions. Another imlml-tant  feature of the
]~loposcd  n]arkc(-bascxl  process is that there will bc. fc.cdback so that individuals can rebid basccl
0]) tllc. currc.nt  timclillc.  ~’his  feature has been showj] to bc. i]llpoltrtrll  in obtaining high-valued
outcome.s (SCC 1,cdyard,  Noussair  and l’ol-tcr-  [ 1996]).

Since the, pro])oscd process is ncw aTId has not bmll  tried in the corltexl of planning scie.ncc
tiil~clinc.s, the l)mccsscs  will be tested and dc.signed usitl~j  e.x])cl-ilnmtal  mctltods in economics.
‘1’tlis IIlctlIod allows for the direct tcs[illg  of the pcrfol j]~al]cc of rcsourcc  allocation sche.mcs.  ‘1’llis
l~lcthmlology  will bc used to lwovidc scientific cvidc.]lcc  011 tl]c pcrfomlallcc of nmchanistns  tl]at
iil c. used to allocate. and develop  scicmce. t ime.lines.
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